Background: Laboratory markers of systemic inflammation have demonstrated utility and cost-effectiveness in the prediction of clinical outcome in various malignancies. The aim of the present study is to evaluate the prognostic value of the neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR) in peritoneal carcinomatosis (PC) patients who have undergone cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) in a single institution. Methods: Data were prospectively collected from 164 consecutive patients who underwent CRS-HIPEC procedures between 2001 and 2014, where preoperative NLR and PLR were obtained. The primary endpoints in our study were overall survival (OS) and disease-free survival (DFS). DFS and OS were analyzed using the Kaplan-Meier method. The log-rank test was used to determine if there was a difference in survival between different groups of patients. Univariate and multivariate analyses were performed using the Cox proportional hazards model. Results: A total of 144 patients underwent 152 CRS-HIPEC procedures, of which 113 females (74.3%) and 31 males (25.6%) with a median age of 51.5 (range 14-74) were included. Neither NLR nor PLR was associated with DFS on univariate analysis. On the exclusion of Peritoneal carcinomatosis index, PLR was significantly associated with DFS, and NLR was not associated with OS on univariate or multivariate analysis. PLR was associated with OS as a continuous or categorical variable with a cutoff of 160 on univariate analysis, but this association disappeared on multivariate analysis. Conclusion: This study shows that PLR may be more closely associated with recurrence risk and survival of PC patients undergoing CRS-HIPEC than NLR.
INTRODUCTION
Peritoneal carcinomatosis (PC) is defined as the presence of cancer cells on the peritoneal surface and can arise from the peritoneum itself or far more commonly from transcoelomic spread from intra-abdominal organs. [1] [2] [3] Despite attempts at systemic chemotherapy and palliative surgery, patients with PC usually did poorly and were Prognostic significance of neutrophil-lymphocyte ratio and platelet-lymphocyte ratio in predicting outcomes for peritoneal carcinomatosis patients treated with cytoreductive surgery and hyperthermic intraperitoneal chemotherapy given a median survival of 6-12 months. [4, 5] Over the past decade, patients previously forsaken as having an incurable disease are now being given a second lease on life due to the advent of cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC). [6] Currently, the strongest indications for CRS and HIPEC are for (1) PC secondary to colorectal carcinoma, (2) PC secondary to ovarian carcinoma, and (3) pseudomyxoma peritonei secondary to appendiceal mucinous neoplasms. [6] A high Peritoneal carcinomatosis index (PCI) and low completeness of cytoreduction (CC) score, together with positive lymph node status, and histopathological type have been found to correlate with poorer prognosis in patients with PC undergoing CRS-HIPEC for mainly colorectal and appendiceal cancers. [7] [8] [9] Similar conclusions with regard to tumor burden before and after CRS have also been drawn in patients with ovarian and primary peritoneal carcinomatosis. [10, 11] However, these prognostic factors rely on intra-and post-operative findings. This means a significant number of patients who are ultimately found to have a poor prognosis with little or no improvement to their disease-free survival (DFS) and overall survival (OS) may undergo the needless morbidity of a CRS-HIPEC.
Recently, there has been interest in using simple serum investigations and their derivatives as biomarkers to be utilized as surrogates for inflammation and hence tumor burden in patients with malignancies. Two such derivatives from a complete blood count (CBC) are neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR), have been extensively studied in multiple solid malignancies, and found to correlate with a poorer prognosis in meta-analyses. [12] [13] [14] The prognostic role of NLR has been previously studied in patients with appendiceal PC undergoing CRS-HIPEC, [15] but data are lacking with regard to its prognostic relevance for the other types of PC commonly treated with CRS-HIPEC. In addition, little data exist for the prognostic significance of PLR for patients with PC undergoing CRS-HIPEC.
The aim of this study was thus to study the prognostic relevance of preoperative NLR and PLR for patients with PC undergoing potentially curative treatment with CRS-HIPEC, in a large tertiary institution in Asia.
METHODS
The data for this study were collected from a prospectively maintained database of all patients undergoing CRS-HIPEC in the National Cancer Centre Singapore.
CBCs taken 24-72 h preoperatively before each case of CRS-HIPEC were used to calculate the ratios needed.
DFS was calculated for each CRS-HIPEC procedure as time from CRS-HIPEC to disease relapse or death from all causes. OS was calculated for each patient as time from first CRS-HIPEC to death from all causes. Disease recurrence or death was recorded as an event.
DFS and OS were analyzed using the Kaplan-Meier method. The log-rank test was used to determine if there was a difference in survival between different groups of patients. Univariable and multivariable analyses were performed using the Cox proportional hazards model. Age, PCI, NLR, and PLR were modeled both as continuous variables (assuming linearity) and categorical variables. The concordance index was used to evaluate the prognostic ability of each of the multivariable models.
The association between variables was assessed using Spearman's correlation (if both variables were continuous) or the Mann-Whitney U test (if one variable was categorical).
A 2-sided P < 0.05 was considered statistically significant. All analyses were performed in Stata (Version 12.1, StataCorp, Texas, USA). This study was approved by the Institutional Review Board.
RESULTS
A total of 164 cases of CRS and HIPEC procedures were performed at the National Cancer Centre, Singapore, between January 1, 2001, and December 31, 2014. One case did not have CRS done, eight cases did not have HIPEC done, and three cases did not have operation details available. After excluding these 12 cases, the analysis was performed on 152 cases of CRS-HIPEC procedures. These 152 cases were from 144 patients; eight patients had two CRS-HIPEC procedures.
The median age of patients was 51.5 (range . A large proportion of the cases were female (113 cases, 74.3%). Colorectal (53 cases, 34.9%) and ovarian (52 cases, 34.2%) tumors were the most common, followed by appendiceal (31 cases, 20.4%) tumors. Table 1 summarizes the demographic and baseline characteristics of the cases included in the analyses.
T h e m e d i a n f o l l o w -u p t i m e w a s 2 6 . 5 m o n t h s (0.36-136.5 months).
Disease-free survival Univariate analysis
Neither NLR nor PLR was associated with DFS on univariate analysis. Primary tumor type and PCI were the two nonblood parameters in univariate analysis to be most significantly associated with DFS.
Appendiceal tumors (median DFS 25.2 months) and mesothelioma (median DFS 22.0 months) had the best DFS among the tumor types. Ovarian/primary peritoneal tumors had a median DFS of 17.9 months, and colorectal tumors had a median DFS of 9.4 months (P = 0.012).
When analyzed as a continuous variable, the PCI was found to be significantly associated with DFS (P = 0.009) with a hazard ratio of 1.03 (range 1.01-1.05). Using a cutoff of ≤15 versus >15, PCI was also significantly associated with DFS. Cases with a PCI ≤15 had a median DFS of 18.6 months versus 12.4 months for PCI >15 (P = 0.037). The hazard ratio for PCI >15 was 1.52 (1.02-2.27) with P = 0.042 on univariate analysis.
Multivariate analysis
Based on the univariate analysis that showed that tumor type and PCI were associated with DFS, these parameters were included in the subsequent multivariate analyses. After adjustments for primary tumor type and PCI, neither NLR nor PLR was shown to be significantly associated with DFS on multivariate analysis. These are presented in Table 2 .
On attempts to find a significant correlation between NLR or PLR with DFS after exclusion of either primary tumor type or PCI in the multivariate analysis, only PLR became significantly associated with DFS when PCI was excluded, with a hazard ratio 1.02 (1.00-1.03), P = 0.049. However, PCI still showed a higher concordance index than PLR (0.672 vs. 0.616). This is represented in Table 3 .
Overall survival Univariate analysis
Primary tumor type was significantly associated with OS. On univariate analysis with the Cox model, hazard ratios for appendiceal, ovarian/primary peritoneal, ovarian, and colorectal tumors were 0.31 (0.12-0.78), 0.50 (0.15-1.68), 0.75 (0.41-1.36), and 1, respectively (P = 0.050).
On univariate analysis, a higher PLR was associated with a decrease in OS when considered as a continuous variable for a scaled increase of 10 units, with a hazard ratio of 1.03 (1.02-1.05), P = 0.002. The association remained when PLR was analyzed with a cutoff of 160. Cases with PLR ≤160 had improved median OS compared to cases with PLR >160 (106.2 vs. 36.6 months, P = 0.031). Cases with PLR >160 had a hazard ratio of 1.81 (1.05-3.14), P = 0.033.
No association could be found between NLR and OS.
PCI also correlated with OS whether it was analyzed as a continuous variable or with a cutoff of 15. As a continuous variable, the hazard ratio for PCI was 1.05 (1.01-1.08), with P = 0.007. A PCI of >15 had a hazard ratio of 1.93 (1.11-3.36 ) as compared to a PCI of ≤15, with P = 0.021. Cases with CC = 0 had a better median OS than cases with CC = 1/2 (99.9 vs. 28.5 months, P = 0.011). The hazard ratio of having a CC = 1/2 was 2.34 (1.20-4.58), with P = 0.022.
Multivariate analysis
Primary tumor, PCI, and CC score were significantly associated with OS on univariate analysis; these factors were adjusted for in multivariate models looking at how NLR and PLR affected OS. Both NLR and PLR were not significantly associated with OS after accounting for the other variables in the model. Primary tumor, PCI, and CC score remained significant in both NLR and PLR models. These are shown in Table 4 .
When PCI and CC score were excluded from the multivariate analysis, PLR as a continuous variable became significant for OS, with a hazard ratio of 1.03 (1.02-1.05), P = 0.001. However, similar to the multivariate analysis for DFS, PCI, and CC score were superior to PLR in terms of prognostic ability (higher concordance index). Table 5 illustrates these findings.
DISCUSSION
Currently, the mechanisms behind the association of high NLR and PLR and worse outcomes among patients with cancer remain incompletely understood. Neutrophilia is associated with inflammation and is known to inhibit the immunological activity of natural killer cells, activated T-cells, and lymphocytes. [16, 17] Tumor progression has been linked to the production of chemokines and inflammatory cytokines by the tumor cells and host leukocytes and platelets. [18] Indeed, an amplified systemic inflammatory response has been linked to elevated serum levels of multiple cytokines and tumor growth factors that may drive tumor growth. [19] These include factors such as elastases, vascular endothelial growth factor, hepatocyte growth factor, matrix metalloproteinase, interleukin 8 (IL-8), and IL-6.
[12] IL-6, in particular, has been shown to stimulate thrombocytosis through the production of thrombopoietin in patients with malignancy, and neutrophil recruitment, and is associated with a worse prognosis. [20, 21] Interestingly, IL-6 has also been implicated in the increased synthesis of acute phase proteins (including C-reactive protein) and in the development of hypoalbuminemia, the two biochemical markers used in the Glasgow Prognostic Score. [22] The importance of tumor-infiltrating lymphocytes was emphasized in a systemic review, which correlated their presence with better response and prognosis in patients with cancer. [23] Thus, a higher NLR and PLR reflect partly an augmented inflammatory systemic response in a patient, which provides a stimulatory milieu for malignant cells to flourish, and in part a decreased host immune response against tumor cells.
We found that NLR both as a continuous variable and as a categorical variable with cutoff values of 2.5 or 5.0 was not significantly associated with either DFS or OS, in contrast to prior studies performed by other groups. Templeton et al. performed a meta-analysis of 100 studies involving more than 40,000 patients regarding the prognostic impact of elevated NLR in solid tumors. [12] The median cutoff for NLR was 4 (range = 1.9-7.2), with the decision for cutoff values remaining ill-defined in a majority of studies. In this meta-analysis, the hazard ratio for NLR values greater than the cutoff was 1.81 (95% confidence interval = 1.67-1.97; P < 0.001), an effect that was observed across all disease subgroups, sites, and stages.
We chose an initial NLR cutoff value of five based on a study of 195 patients who underwent CRS-HIPEC for appendiceal peritoneal carcinomatosis, in which worse OS and progression-free survival were significantly associated with an NLR above a cutoff value of five. [12] We decided to perform analyses of NLR with half the initial cutoff value (2.5) and as a continuous variable to uncover associations, which may have been inadvertently missed at a cutoff of five. The negative finding of our study should not come as a surprise, as publication bias against negative studies is likely to be prevalent based on the meta-analysis performed by Templeton.
PLR, on the other hand, was found to have a better prognostication value. Another meta-analysis by Templeton et al. on the prognostic impact of PLR found an association of high PLR with worse OS in solid tumors. [13] This study looked at twenty studies involving more than 12,000 patients and found that the size of effect of PLR on OS was greater for metastatic disease than for early-stage disease. Twelve of the twenty studies included had dichotomous risk groups with a PLR cutoff value ranging between 150 and 300, similar to the value of 160 used in our study. In univariate analysis, PLR was not significantly associated with DFS. However, on multivariable analysis after exclusion of the effects of PCI, a very slight association was seen with DFS (HR 1.02, range = 1.00-1.03; P = 0.049). The association of PLR against OS was much clearer. However, this association with OS disappeared when other significant factors (primary tumor, PCI, CC score) in the univariate analysis were adjusted for in multivariate models. This phenomenon can be attributed to the correlation of PLR with elevated PCI and CC score. This was confirmed when the association between PLR and OS again became significant when PCI and CC score were excluded from the multivariate analysis model (hazard ratio 1.03, range 1.03-1.05; P = 0.001). The likely mechanism of this relationship is that patients with a higher PCI and CC score have an increased tumor burden with lymphocytic suppression and a reactionary thrombocytosis. [16] [17] [18] The reliability of this association is augmented by the conclusion of two prior meta-analyses that found no evidence of publication evidence. [13, 14] A higher PCI was associated with a worse DFS on univariate analysis, and this association held firm even on multivariate analysis. A higher PCI and CC score were both found to be significantly associated with a negative impact on OS on univariate analysis, an effect that was persistent even on multivariate analysis. This is in line with findings from Sugarbaker's group when they established that PCI and CC score were independent prognostic factors in patients undergoing CRS-HIPEC for colorectal and appendiceal PC. [9] PCI is associated with an increased risk of having a higher CC score and reflects the technical limits of the surgical team when faced with higher tumor burden. Although PLR was found to be associated with CC score, NLR was not, and this discordance suggests that the link between tumor burden and inflammatory markers is multifaceted and requires further investigations at the molecular level.
A few shortcomings of this study are apparent. Median follow-up time was just over 2 years (26.5 months), which may not allow for significant differences in prognosis to be appreciated. This study also suffered from a relatively small study size of 144 patients undergoing 152 CRS-HIPEC procedures. In addition, this population was heterogeneously in terms of primary tumor type that would have complicated and/or diluted the true impact of NLR/PLR on DFS and OS. Finally, variables such as number of prior surgical interventions, chemotherapy treatment, and response pre-and post-operatively; type and duration of HIPEC were not accounted for in our analyses.
Limitations of using blood-based inflammatory markers are that they are nonspecific and can be important prognostic factors in nonmalignant conditions as well. [24, 25] Even though a proportion of patients would have had chemotherapy before their CRS-HIPEC procedure, a sufficient time interval would have passed before they were fit so that their cell counts could be expected to have stabilized. However, the possibility of concurrent inflammatory conditions confounding the effect of blood-based biomarkers cannot be fully excluded.
CONCLUSION
NLR and PLR have emerged recently as possible simple biomarkers for clinicians to prognosticate patients with malignancy, and this concept has similarly been applied to patients undergoing CRS-HIPEC. In our study population, PLR appears to prognosticate better than NLR, but this association may have more to do with PLR's relationship with proven prognostic markers such as PCI and CC score. The ultimate aim of research in this area is to establish a cheap, readily reproducible, and reliable biochemical test that will help clinicians prognosticate patients undergoing CRS-HIPEC for advanced peritoneal malignancies.
Financial support and sponsorship
Nil.
